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Background: Premenopausal women show a higher incidence of orthostatic hypotension than age-matched men, but
there are limited data available on sex differences in cardiovascular responses to orthostatic challenge in healthy older
persons. We investigated sex differences in hemodynamic and autonomic responses to orthostatic challenge in
healthy older males and females. Materials and methods: Fourteen older healthy women and 10 age-matched men
performed a sit-to-stand test (5 min of sitting followed by 5 min of standing). A Task Force® Monitor continuously
measured the following beat-to-beat hemodynamic parameters: heart rate, systolic blood pressure, diastolic blood
pressure, mean blood pressure, stroke index, cardiac index, and total peripheral resistance index. Cardiac autonomic
activity, low-frequency (LF: 0.04–0.15 Hz) normalized (LFnuRRI) and high-frequency (HF: 0.15–0.4 Hz) normal-
ized (HFnuRRI) components, and the ratio between LF and HF power (LF/HF) were calculated using power spectral
analysis of heart rate variability. Results: Across all hemodynamic parameters, there were no significant differences
between the sexes at baseline and during standing. LFnuRRI (median: 70.2 vs. 52.3, p< 0.05) and LF/HF ratio
(median: 2.4 vs. 1.1, p< 0.05) were significantly higher, whereas HFnuRRI (median: 29.8 vs. 47.7, p< 0.05) was
lower among women at baseline. All other heart rate variability measures did not differ between the sexes.
Conclusions: The data indicate that older women showed higher sympathetic and lower parasympathetic activity at
rest compared to age-matched men. These results are contradictory to the observations from previous studies, which
showed a reduced sympathetic and enhanced parasympathetic activity in women in all ages. Further studies are
required to determine the underlying mechanisms contributing to higher incidence of orthostatic hypotension in older
females.
Keywords: sex differences, postmenopausal women, orthostatic hypotension, falls, autonomic activity
Introduction
Several studies have reported gender differences in cardiovascular anatomy, hemodynamics,
and the autonomic nervous system. Clinically, two major gender-related differences in the
regulation of blood pressure are observed. First, blood pressure is typically lower in young
women compared to age-matched men. Second, orthostatic hypotension and syncope as well
as hypotensive disorders are more prevalent in premenopausal women than men (25).
Another relevant difference between women and men is that men respond to cardiovascular
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stress primarily with an increase in peripheral resistance, whereas women show greater heart
rate (HR) increases (12, 48). Because of the greater HR in women, the amount of blood
pumped by the heart [stroke volume (SV)] is lesser. Therefore, the total amount of blood in
the circulation [cardiac output (CO)] is smaller that reduces the volume of blood coming back
to the heart (venous return). According to earlier reports, venous return is the main
determinant for the higher incidence of orthostatic hypotension in younger women compared
to age-matched man. In addition, older women maintain venous return better, which could
explain the smaller incidence of orthostatic hypotension compared to younger women (8).
Furthermore, there appears to be a difference in the regulation of sympathetic and parasym-
pathetic autonomic system between men and women. Several studies have shown that
women have a reduced sympathetic but enhanced parasympathetic activity compared to men
(1, 30). Young healthy women demonstrate a high vagal cardiac tone during rest due to
parasympathetic predominance but a lower sympathetic vascular stimulation of peripheral
vasculature, whereas men show high sympathetic input to vascular regulation (5, 9, 30).
Therefore, women respond to orthostatic challenge primarily with vagal withdrawal, whereas
men respond with sympathetic activation and an increase in peripheral resistance (5, 11, 16).
Gender differences vary depending on age (20). Aging has an adverse influence on orthostatic
intolerance. Orthostatic problems and orthostatic hypotension occur relatively frequently in
older people (20, 40).
In the light of demographic changes reflecting an increasing proportion of older individuals,
it is important to gain more detailed information on cardiovascular regulation during changes in
posture in older people and possible differences between men and women. Orthostatic
hypotension is common in older persons with a prevalence that varies from 4% to 33% (40)
and is associated with risk of falls, fractures, syncope, and higher morbidity (20, 42, 46, 50).
Generally, the risk of falls increases with aging and women are more affected than men
(13, 38, 45). According to the WHO global report on fall prevention in older persons,
approximately 30% of older people ≥65 years of age fall each year (50). Falls are the major
cause of injury-related hospitalizations in older people and therefore represent an important
public health issue (13). Preventing falls is essential and when designing prevention
strategies, one should not disregard sex-specific factors. Most studies, however, investigating
sex differences focused on healthy young persons and the results were not fully transferable
to the older population. In older subjects, sex differences in cardiovascular responses and
orthostatic tolerance are not yet completely clear (29).
The aim of this study, therefore, is to examine how orthostatic loading provided by a sit-
to-stand test and gender contributes to changes in cardiovascular responses in healthy older
people. We hypothesized that older men and women will respond similarly to orthostatic
loading and that gender-related differences in hemodynamic and cardiac autonomic
responses are no longer detectable.
Methods
Subjects
Ten men and 14 women were recruited in Graz, Austria. All subjects fulfilled the following
inclusion and exclusion criteria. In this study, we included men and women at the age of
55 years and older. Participants with epilepsy, dementia, Parkinson’s disease, stroke, chronic
diabetes mellitus, and severe disabilities were excluded. Each subject underwent clinical
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evaluation that included a review of medical history, clinical neurological examination and
received medical clearance to participate in this study. All study volunteers were instructed to
refrain from stressful activity before testing and to abstain from caffeine or other stimulants
24 h before testing. This study was carried out in accordance with the recommendations of the
World Medical Association. The protocol was approved by the Ethics Committee of the
Medical University of Graz, Austria. All subjects gave written informed consent in accor-
dance with the Declaration of Helsinki.
Experimental protocol
The participants were requested to report at 7:00 a.m. The actual measurements were
performed between 07:00 and 10:00 a.m. Studies were conducted in a sensory-minimized
environment, i.e., a quiet, partially darkened room, and maintained at a comfortable
temperature. While the subject was sitting, hemodynamic and autonomic monitoring were
applied, including measurement of intermittent (upper arm oscillometry) and continuous
blood pressure (finger plethysmography), HR [3-lead electrocardiogram (ECG)], and thoracic
impedance measurements using a Task Force® Monitor (TFM; CNSystems, Graz, Austria).
A sit-to-stand test was used to provide orthostatic loading. The subjects were told to sit
quietly with arm relaxed by their sides during the 5-min period of rest, after which they are
assisted into the standing position for 5 min. During this period, they were instructed to keep
their eyes open, to fix a point at eye level, and not to alter foot placement to avoid the effect of
the skeletal-muscle pump. All subjects were asked to breathe normally and not to speak
except in case of discomfort. Precautions (assistance in standing and available medical
personnel) were taken to ensure safety in case a subject becomes syncopal during standing.
Data collection
After participant preparation and establishment of baseline measurements, data were
collected during a 5-min period of sitting, followed by a 5-min period of standing. The
subjects were then requested to sit down for additional 5 min (recovery period). The
hemodynamic and autonomic monitoring recorded during the experimental protocol included
3-lead ECG (FD-13, Fukuda Denshi Co. Ltd., Tokyo, Japan), upper arm oscillometry, finger
plethysmography (Finometer, Finapres Medical Systems B.V., Amsterdam, the Netherlands),
and thoracic electrical impedance measurements. The ECG electrodes were attached for
continuous recordings of HR. Beat-to-beat measurement of blood pressure was monitored
using a finger plethysmography. In addition, intermittent blood pressure was measured from
the left upper arm to calibrate continuous blood pressure values to the oscillometric
measurement and for providing absolute blood pressure values. The double-finger sensor
for measurement of continuous non-invasive blood pressure was placed on the right hand,
which was fixed by a sling at heart level throughout the testing periods. The device for
continuous blood pressure measurement was attached to right forearm. Four electrodes, one
on the neck, two at the lateral side of the thorax at the xiphoid level, and one neutral electrode
on the lower leg, were attached for transthoracic bio-impedance cardiography (ICG) from
which SV, CO, and other cardiodynamic parameters were continuously processed. Electro-
cardiogram, continuous non-invasive arterial blood pressure measurement, and thoracic
impedance were synchronized and integrated in the TFM.
Mean arterial pressure was calculated from systolic (sBP) and diastolic blood
pressures (dBP). SV was computed from the signal of the transthoracic bio-ICG. ICG
measurement was performed based on the original Kubicek design using an improved
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estimate of thoracic volume (10). CO was calculated as a product of HR by SV. Cardiac index
(CI) and stroke index (SI) were obtained by dividing CO and SV by body surface area,
respectively. For calculation of body surface area, formula of DuBois was used (47). Total
Peripheral Resistance Index (TPRI) was calculated by dividing mean arterial pressure by CI.
Besides the full hemodynamic assessment, the assessment of autonomic function and
regulation using HR variability (HRV) was provided by the TFM. Power spectral analysis of
HRV using fast Fourier transform assesses the balance between sympathetic and vagal
activity. High-frequency (HF: 0.15–0.4 Hz) normalized (HFnuRRI) and low-frequency (LF:
0.04–0.15 Hz) normalized (LFnuRRI) power components were analyzed. In addition, the
ratio between LF and HF power (LF/HF) was presented, which is widely used as an index of
sympathovagal balance (3). In this study, HF oscillations were used to assess parasympathetic
activity. Changes in the LF power are more complex but increases in LFnuRRI are often
assumed to represent increases in sympathetic activity, although there are indications that LF
is probably affected by sympathetic and parasympathetic modulations (2, 17, 39).
Data analysis
The acquired data were exported to Microsoft Excel®. HR, sBP, dBP, mean blood pressure
(mBP), CI, SI, and TPRI were averaged for each subject during different epochs of the
sit-to-stand test, which include: representative 60 s at the end of baseline, first 10 s, second
10 s, third 10 s of standing, 10 s in the third minute of standing and during the last 10 s of
standing (before recovery) (Fig. 1). Values ≥2 standard deviation (SD) were detected and
manually removed from the data set. For the HRV parameters, periods of 4-min length in
the sitting position and 4-min length in the standing position were selected from each
test person. Thereafter, the median from the set of values was calculated. Median was
chosen as it is relatively unaffected by outliers and is more appropriate when data set is
skewed (24).
Statistical analysis
Data plots were transported to SPSS (IBM, New York, USA) for statistical analysis.
Shapiro–Wilk test was used on female and male samples at each epoch for each parameter
to determine if data sets are well modeled by normal distribution. As the hemodynamic
variables showed approximately normal distribution, mixed-design analyses of variance
(ANOVAs) with Bonferroni post hoc tests were applied, with the within-subject factor
(six different epochs) and the between-subject factor (male and female). In case of
violation of sphericity, the degrees of freedom for the F-distribution were corrected using
Fig. 1. The orthostatic test protocol with the specific time points of 10 s (Epochs): 1: Epoch 1= 290–300 s; 2: Epoch
2= 0–10 s; 3: Epoch 3= 10–20 s; 4: Epoch 4= 20–30 s; 5: Epoch 5= 180–190 s; 6: Epoch 6= 290–300 s of
standing
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Greenhouse–Geisser correction (<0.75). The HRV parameters did not follow normal
distribution. Mann–Whitney U test was used for sex comparisons, whereas Wilcoxon
signed-rank rest was used for the paired sample comparison of the two periods (sitting vs.
standing). All statistical analyses were performed using IBM SPSS Statistics. Statistical
significance was assumed if p < 0.05. We did not include and use measures of effect size,
as this was an exploratory study.
Results
Subjects
The physical characteristics of the subjects in both groups (men and women) are listed in
Table I.
Twenty-four persons, 14 women and 10 men, were included in the study. Mean age for
women and men was 62.8± 7.3 and 64.0± 7.2 years, respectively. Women’s height, weight,
and body surface area were significantly lower than those of men.
Hemodynamic parameters
The results of the mixed ANOVAs showed that there was a significant main effect of the
phase of the experimental protocol on HR, sBP, dBP, mBP, SI, CI, and TPRI (Table II).
Table I. Subject’s characteristics
Population characteristics Women (n= 14) Men (n= 10)
Age (years) 68.8± 7.3 64.0± 7.2
Height (cm) 164.7± 6.6 177.3± 5.8**
Weight (kg) 69.6± 13.3 88.2± 11.7*
Body surface area (m2) 1.76± 0.14 2.06± 0.15**
Vascular risk factors
Arterial hypertension 1 (7.14%) 1 (10%)
Antihypertensive medication 1 (7.14%) 2 (20%)
Nicotine abuse – 1 (10%)
Dyslipidemia 2 (14.3%) –
Atrial fibrillation – –
Peripheral arterial disease – –
Coronary heart disease – –
Diabetes mellitus – –
Values are expressed as means± SD.
*p< 0.05 compared to women.
**p< 0.001 compared to women
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In the first 10 s of standing, there was a transient decrease in mean arterial pressure
(females: 108.2± 12.8 to 97.7± 20.1 mmHg; males: 101.2± 7.7 to 93.8± 11.8, p= 0.004).
The same was observed for systolic and diastolic blood pressure parameters (p= 0.02 and
p= 0.002, respectively).
Thereafter, blood pressure stabilized, reached baseline values after the third minute of
standing, and remained almost unchanged in the following minutes. In response to
orthostatic challenge, stroke index decreased slightly, but the accompanying increase in
HR was able to maintain CI or even exceed baseline levels. Similar to blood pressure values,
TPRI temporarily decreased in the first 10 s of standing (females: 4,306.3± 1,318.9 to
3,497.9 ± 1,380.1; males: 3,846.6 ± 651.9 to 2,985.2± 662.3, within-group changes
p< 0.001) followed by a subsequent stabilization within a few seconds. During orthostatic
challenge, HR increased immediately (females: 73.1 ± 13.6 to 81.0 ± 14.4; males:
68.2± 6.8 to 77.0± 8.4, within-group changes p< 0.001) and remained elevated throughout
the standing period.
There was no main effect of sex on hemodynamic responses, with women and men
performing similarly overall. All hemodynamic parameters are presented as mean± SD in
Table II. HR data are presented in the first row of Table II. HR appears to be similar in females
and males at rest (73.1± 13.6 vs. 68.2± 6.8 bpm), and throughout the entire term of the
experimental protocol. Blood pressure values at baseline were similar among women and
men (sBP: 133.8± 18.7 vs. 122.7 mmHg± 10.2; dBP: 88.0± 11.0 vs. 85.5± 6.1 mmHg;
mBP: 108.2± 12.8 vs. 101.2± 7.7 mmHg) and throughout the entire term of the experi-
mental protocol.
Similarly, the blood pressure decreases immediately after assumption of the upright
position in females and males (sBP: −10.8 bpm vs. –8.3 bpm; dBP: −9.2 bpm vs. 6.5 bpm;
mBP: −10.5 bpm vs. −7.4 bpm).
TPRI values at rest were similar in women and men (4,306.3± 1,318.9 vs.
3,846.6± 651.9 dyne*s*m2/cm5) during standing.
In addition, no significant sex differences were seen for SI and CI with similar changes
observed throughout the sit-to-stand test. Furthermore, there was no significant interaction
between epoch and sex.
Autonomic parameters
Wilcoxon signed-rank tests with combined female and male data sets showed that the change
from a sitting to a standing posture elicits statistically significant changes in HRV parameters
(Table III).
A significant reduction occurred in spectral power in the HF band (normalized units)
(37.3 vs. 27.3, Z=−2.127, p= 0.033). In addition, there was an increase in LFnuRRI (62.7
vs. 72.4, Z=−2.127, p= 0.033) and LF/HF ratio (1.7 vs. 2.7, Z=−2.289, p= 0.022) in
response to orthostatic challenge. Furthermore, there were significant changes in high-
frequency R–R interval (HF-RRI) and low-frequency R–R interval (LF-RRI) during ortho-
static challenge [HF-RRI (ms2): 53.1 vs. 26.3, Z=−2.873, p= 0.004; LF-RRI (ms2): 101.9
vs. 71.8, Z=−2.613, p= 0.009].
Finally, Mann–Whitney U tests were used to compare differences between females and
males (Table IV). Regarding HRV parameters, lower HFnuRRI (marker of parasympathetic
activity) (29.8 vs. 47.7, U= 28.000, p= 0.043), higher LFnuRRI (related to sympathetic
modulation) (70.2 vs. 52.3, U= 28.000, p= 0.043), and higher LF/HF ratio (2.4 vs. 1.1,
U= 28.000, p= 0.043) values were found in women as compared to men at rest. No significant
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sex differences were observed after standing up from the sitting position. No differences were
found in absolute values of LF power components and HF power components of HRV, either at
baseline or in the standing position.
Table III. Heart rate variability during sit-to-stand test
Baseline Standing
LFnuRRI (%) 62.7 (49.4–75.6) 72.4 (59.3–81.3)*
HFnuRRI (%) 37.3 (24.4–50.6) 27.3 (18.7–40.7)*
LF-RRI (ms2) 101.9 (39.2–143.7) 71.8 (27.3–138.2)*
HF-RRI (ms2) 53.1 (24.5–143.7) 26.3 (10.5–73.5)*
LF/HF 1.7 (1.0–3.1) 2.7 (1.5–4.3)*
Values are medians and 1st and 3rd quartiles. LFnuRRI: normalized low frequency; HFnuRRI: normalized
high frequency; HF-RRI: high-frequency R–R interval; LF-RRI: low-frequency R–R interval; LF/HF: ratio between
low- and high-frequency power.
*p< 0.05 compared to baseline
Table IV. Heart rate variability during sit-to-stand test by sex
Parameters Baseline Standing
LFnuRRI (%)
Female 70.2 (60.1–77.1) 78.8 (65.9–82.8)
Male 52.3 (39.4–61.0)* 59.9 (55.2–80.2)
HFnuRRI (%)
Female 29.8 (22.8–39.9) 21.2 (17.2–34.0)
Male 47.7 (39.0–60.5)* 40.1 (19.8–44.8)
LF-RRI (ms2)
Female 81.8 (39.2–211.2) 64.0 (35.3–118.3)
Male 153.83 (38.6–247.7) 100.1 (24.5–195.1)
HF-RRI (ms2)
Female 31.1 (21.7–84.9) 23.5 (8.2–49.3)
Male 123.1 (40.5–177.3) 42.6 (12.7–62.7)
LF/HF
Female 2.4 (1.5–3.9) 3.7 (1.9–4.8)
Male 1.1 (0.7–1.6)* 1.5 (1.3–4.0)
Values are medians and 1st and 3rd quartiles. LFnuRRI: normalized low frequency; HFnuRRI: normalized high
frequency; HF-RRI: high-frequency R–R interval; LF-RRI: low-frequency R–R interval; LF/HF: ratio between
low- and high-frequency power.
*p< 0.05 compared to women
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Discussion
The study was designed to investigate how orthostatic challenge provided by a sit-to-stand
test affects changes in hemodynamic and autonomic responses in healthy older males and
females. The major findings of the study are as follows: (1) Women and men demonstrate no
statistically significant differences in hemodynamic parameters during orthostatic challenge.
(2) There are sex differences in the cardiac autonomic control, with women having higher
LFnuRRI, lower HFnuRRI, and higher LF/HF ratio at rest. The postmenopausal females
appear to show a predominance of sympathetic control at rest when compared to men.
Sex differences in hemodynamic parameters and HRV at rest and during orthostatic stress
(sit-to-stand test)
We hypothesized that older men and women respond similarly to orthostatic loading and that
sex-related differences in hemodynamic and cardiac autonomic responses should be no
longer detectable. We could only partly confirm our hypothesis. Hemodynamic parameters at
rest and during the orthostatic test were similar between men and women. However, HRV
showed sex differences at rest and during orthostatic testing. Mellingaeter et al. (35) reported
that older men have poorer orthostatic tolerance than age-matched women. In this study,
application of orthostatic challenge by a sit-to-stand test led to changes in the seven measured
hemodynamic parameters. We report that blood pressure, HR, and TPRI values between the
sitting and standing positions were similar in women and men. In addition, there was a
decrease in sBP, dBP, and mBP values immediately after standing up. Our results suggest that
older men and women have comparable hemodynamic responses to postural change.
Orthostatic challenge led to compensatory effects to maintain blood pressure and cerebral
blood flow. There was a minimal decrease in stroke index but the accompanying increase in
HR was able to maintain CO. The TPRI returned to baseline level after an initial reduction. It
appears that maintenance of blood pressure in older persons during postural changes was
achieved primarily by increased HR and minimal changes in SV, thus ensuring that the CO
remained stable. The results obtained in this study differ from the observations seen in other
studies. For example, assuming an upright position from supine position has been reported to
lead to a greater drop of SV and lower CO as well as an increase of TPRI over baseline level
(29, 34). Laitinen et al. (29) postulated that older persons, in order to maintain their blood
pressure, rely essentially on increase in peripheral resistance and less on increase in HR. The
differences between data reported in these studies and our observations could be because
other studies used head-up tilt (HUT) to provide orthostatic challenge, whereas in this study, a
simple sit-to-stand (passive) test was used. It is conceivable that a sit-to-stand test constitutes
a less strong stimulus and therefore elicits less powerful cardiovascular responses. Addition-
ally, the study protocol of Laitinen et al. differed from ours in the duration of the stimulated
condition (13 min 70° HUT vs. 5 min sit-to-stand test). In this study, none of the affected
persons expressed presyncopal symptoms during the orthostatic challenge. Orthostatic
hypotension can be asymptomatic or symptomatic. However, even asymptomatic individuals
have a higher risk for future falls as well as associated comorbidities and therefore
asymptomatic orthostatic hypotension should also be minimized (20, 40, 42).
It is assumed that sex hormones are in a large part responsible for sex differences in
autonomic regulation (21, 23, 26, 33, 49). The sympathetic nervous system is enhanced in
men and the parasympathetic nervous system in women (22). Moreover, sympathetic control
of muscle activity (leg muscles) and modulation of blood vessels via the sympathetic nervous
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system (vasoconstriction) are more visible in men compared to women (6, 22, 36). Through
specific receptors, sex hormones interact with the central nervous system and influence
the synthesis and action of neurotransmitters (41). Estrogen is known to increase the synthesis
of acetylcholine, to depress the vasoconstrictor effects of neuropeptide Y, and to stimulate the
removal of noradrenaline (6). In addition, estrogen handles the production of nitric oxides,
which is known to stop the release of noradrenaline (37). On the other hand, testosterone is
known to enhance the synthesis of noradrenaline. As noradrenaline is responsible for an
increase in blood flow, blood pressure, and HR during orthostatic loading, men respond with a
higher release of noradrenalin and consequently with a higher increases of blood pressure (6).
Due to the diminishing influence of estrogen after menopause, a reduction in the sex
differences as seen in young men and women was anticipated. In this study, significant sex
differences were only evident during rest and not during standing up. It might be due to the
small sample size or the susceptibility of HRV measures to small variations and disturbances,
or that older women show less pronounced increase in sympathetic tone and less vagal
withdrawal, respectively. It is interesting to note that despite the differences in HRV
parameters between women and men at rest, hemodynamic parameters were comparable
in both groups. Higher sympathetic and lower parasympathetic activities do not seem to cause
higher resting blood pressure or total peripheral resistance. Numerous clinical studies have
investigated how age and sex may affect HRV (1, 14, 44). Several lines of evidence suggest
that parasympathetic control is the major regulator of the cardiovascular system in young
women, whereas in postmenopausal women, the sympathetic tone is dominant (30). The
higher sympathetic activity seems to be well explained by Narkiewicz et al., who showed that
the increase in sympathetic activity is independent of menopause and results in significant
increases in MAP in women when compared to men (36). Most studies on sex differences in
cardiovascular autonomic responses have found either no sex differences in healthy older
persons or a still existing lower sympathetic and higher parasympathetic activity in women in
comparison to men, which contrasts with our findings. Matsukawa et al. observed that muscle
sympathetic nerve activity (MSNA) is similar in females and males over the age of 50 years.
Interestingly, MSNA values tended to be higher in older women than age-matched men (33).
These findings are in accordance with ours, which were obtained using HRV. Narkiewicz
et al. studied 120 men and 96 women (aged 20–72 years) to investigate the influence of sex on
age-related increase in sympathetic traffic. MSNA, blood pressure, and HR were measured
during supine rest. Their results suggested that aging is associated with a stronger increase in
sympathetic activity in women compared to men (36). This matches the results obtained from
this study. Several publications have highlighted that sympathetic activity markedly
increased after menopause (7, 31, 43). Barnett et al. (1) found that women with hormone
replacement therapy have reduced sympathetic activity compared to untreated postmeno-
pausal women and suggested that estrogen increases baroreflex sensitivity and leads to a
reduction of LF power. This would explain similar autonomic nervous system responses in
older men and women, but not the higher sympathetic and lower parasympathetic activity at
rest in females, which was obtained in this study (35).
The implications of altered HRV were investigated in some studies. Higher sympathetic
and/or lower parasympathetic tones are related to cardiovascular disease morbidity and
mortality (1, 9). As people age, the cardiovascular risk and the risk of hypertension increase
(4, 36). The positive autonomic profile seen in younger women (predominance of parasym-
pathetic tone) is lost in older women, which explains the increasing risk of developing
cardiovascular diseases.
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Limitations
A limitation of this study was the small sample size. Because of the small sample size, only
very large statistical differences can be detected and smaller differences would not be
detected. However, this pilot study provides a good basis for future full-scale studies. With a
larger sample size, it would be possible to uncover sex differences in older persons, which
remained possibly undetected in the present investigation.
A sit-to-stand test was used in this study to provide orthostatic challenge, whereas many
other investigators used HUT test or application of lower body negative pressure (LBNP)
(15). While our results are not similar to those obtained with HUT or during LBNP, we
believe that standing up from a sitting position is an everyday challenge in the lives of older
persons and therefore, a sit-to-stand test represents a more realistic life situation than the
aforementioned methods (15).
A further potential limitation is that respiration was not controlled in this study.
Respiration has significant effects on HRV parameters (14, 32). Standardization of respira-
tory rate by metronomic breathing may reduce the impact of different respiratory frequencies
on HR dynamics and could make the differences in sex more pronounced. However,
Goldberger et al. (14) showed that HRV does not differ whether the breathing rate is fixed
to metronome or not. In this study, although we did not control breathing, the participants
were asked not to carry out deep breaths or perform Valsalva maneuver to prevent potentially
interfering influence.
We did not quantify the physical activity status of our participants. This is, however,
important as a sustained exercise regimen can significantly affect HRV (most notably
resulting in an improvement in HRV and an increase in HF). However, we do not think
that this is an important limitation as this response appears to be attenuated in older
individuals. Nevertheless, future studies should incorporate aspects related to physical
activity status and the amount of sustained exercise regimen should also be noted.
In this paper, we assessed sympathetic activity using HRV (19, 27, 28). Despite having
several limitations, this method was used because direct measurements of sympathetic
activity using MSNA and measurements of catecholamines in the blood require invasive
protocols, which in turn may influence the cardiovascular responses (17, 18).
Furthermore, data on additional influencing factors potentially related to cardiovascular
responses to orthostatic challenge and orthostatic hypotension, such as hormone replacement
therapy and contraceptive history in older women (influence of years of oral contraceptive
use), were not available. There is some evidence that hormonal changes affect cardiovascular
regulatory mechanisms by altering sympathetic activity, baroreflex sensitivity, and circulat-
ing catecholamines (30).
Conclusions and Perspectives
In this pilot study, we investigated the influence of sex on cardiovascular responses to a change
in posture in healthy older persons. Our results indicate that there are no significant sex
differences in responses of HR, blood pressure, CI, SI, and peripheral resistance index.
It seems that cardiac autonomic regulation differs, in some respect, between the sexes,
i.e., higher sympathetic and lower parasympathetic activities in females during rest. However,
a difference in cardiac autonomic parameters in response to orthostatic challenge could not be
observed. Moreover, the observed differences seem to have no significant impact on
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hemodynamic parameters. Further studies should be conducted to determine the underlying
mechanisms. Nevertheless, the present investigation provides valuable insights into similari-
ties and differences between men and women regarding blood pressure regulation and the
interaction of sympathetic and parasympathetic nervous systems. Identifying and understand-
ing the mechanisms, which are responsible for sex differences in cardiovascular regulation,
may contribute to implementation of sex-specific prevention and treatment of cardiovascular
diseases and prevention strategies of falls in older persons. The present pilot study is valuable
as it helps to determine the adequate sample size for large-scale research to receive more
reliable results.
Acknowledgements
The authors would like to thank the participants who took part in this study. All authors have made significant
contributions in data collection, analysis, and interpretation of the findings. All co-authors have been involved in
writing the final version of the manuscript. CS, IT, BB, AR, and NG were involved in the study design and data
collection. CS and IT analyzed the data. CS, IT, BB, AR, and NG were involved in writing the final version of the
manuscript.
Conflict of interest
The authors declare that the research was conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest. They also declare that this work is based on the diploma
thesis of CS.
REFERENCES
1. Barnett SR, Morin RJ, Kiely DK, Gagnon M, Azhar G, Knight EL, Nelson JC, Lipsitz LA: Effects of age and
gender on autonomic control of blood pressure dynamics. Hypertension 33(5), 1195–1200 (1999)
2. Billman GE: The LF/HF ratio does not accurately measure cardiac sympatho-vagal balance. Front. Physiol. 4, 26
(2013)
3. Burr RL: Interpretation of normalized spectral heart rate variability indices in sleep research: a critical review.
Sleep 30(7), 913–919 (2007)
4. Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, Higgins M, Horan MJ, Labarthe D: Prevalence of
hypertension in the US adult-population. Results from the 3rd National-Health and Nutrition Examination
Survey, 1988–1991. Hypertension 25(3), 305–313 (1995)
5. Convertino VA: Gender differences in autonomic functions associated with blood pressure regulation.
Am. J. Physiol. 275(6 Pt. 2), R1909–R1920 (1998)
6. Dart AM, Du XJ, Kingwell BA: Gender, sex hormones and autonomic nervous control of the cardiovascular
system. Cardiovasc. Res. 53(3), 678–687 (2002)
7. de Zambotti M, Trinder J, Colrain IM, Baker FC: Menstrual cycle-related variation in autonomic nervous system
functioning in women in the early menopausal transition with and without insomnia disorder. Psychoneur-
oendocrinology 75, 44–51 (2017)
8. Edgell H, Robertson AD, Hughson RL: Hemodynamics and brain blood flow during posture change in younger
women and postmenopausal women compared with age-matched men. J. Appl. Physiol. 112(9), 1482–1493
(2012)
9. Evans JM, Ziegler MG, Patwardhan AR, Ott JB, Kim CS, Leonelli FM, Knapp CF: Gender differences in
autonomic cardiovascular regulation: spectral, hormonal, and hemodynamic indexes. J. Appl. Physiol. 91(6),
2611–2618 (2001)
10. Fortin J, HabenbacherW, Heller A, Hacker A, Gruellenberger R, Innerhofer J, Passath H,Wagner Ch, Haitchi G,
Flotzinger D, Pacher R, Wach P: Non-invasive beat-to-beat cardiac output monitoring by an improved method of
transthoracic bioimpedance measurement. Comp. Biol. Med. 36(11), 1185–1203 (2006)
11. Frey MA, Hoffler GW: Association of sex and age with responses to lower-body negative pressure. J. Appl.
Physiol. 65(4), 1752–1756 (1988)
Orthostatic challenge in healthy older persons 247
Physiology International (Acta Physiologica Hungarica) 106, 2019
12. FritschYelle JM, Whitson PA, Bondar RL, Brown TE: Subnormal norepinephrine release relates to presyncope
in astronauts after spaceflight. J. Appl. Physiol. 81(5), 2134–2141 (1996)
13. Gale CR, Cooper C, Sayer AA: Prevalence and risk factors for falls in older men and women: the English
Longitudinal Study of ageing. Age Ageing 45(6), 789–794 (2016)
14. Goldberger JJ, Challapalli S, Tung R, Parker MA, Kadish AH: Relationship of heart rate variability to
parasympathetic effect. Circulation 103(15), 1977–1983 (2001)
15. Goswami N, Blaber AP, Hinghofer-Szalkay H, Convertino VA: Lower body negative pressure: physiological
effects, applications, and implementation. Physiol. Rev. 99(1), 807–851 (2019)
16. Goswami N, Loeppky JA, Hinghofer-Szalkay H: LBNP: past protocols and technical considerations for
experimental design. Aviat. Space Environ. Med. 79(5), 459–471 (2008)
17. Grasser EK, Goswami N, Hinghofer-Szalkay H: Presyncopal cardiac contractility and autonomic activity in
young healthy males. Physiol. Res. 58(6), 817–826 (2009)
18. Grasser EK, Goswami N, Rossler A, Vreckoc K, Hinghofer-Szalkay H: Hemodynamic and neurohormonal
responses to extreme orthostatic stress in physically fit young adults. Acta Astronaut. 64(7–8), 688–696 (2009)
19. Grote V, Kelz C, Goswami N, Stossier H, Tafeit E, Moser M: Cardio-autonomic control and wellbeing due to
oscillating color light exposure. Physiol Behav. 114, 55–64 (2013)
20. Gupta V, Lipsitz LA: Orthostatic hypotension in the elderly: diagnosis and treatment. Am. J. Med. 120(10),
841–847 (2007)
21. Hart EC, Charkoudian N, Wallin BG, Curry TB, Eisenach J, Joyner MJ: Sex and ageing differences in resting
arterial pressure regulation: the role of the beta-adrenergic receptors. J. Physiol. (Lond.) 589(21), 5285–5297
(2011)
22. Hart EC, Joyner MJ: The curse of the sympathetic nervous system: are men or women more unfortunate?
J. Physiol. (Lond.) 589(1), 259 (2011)
23. Hart EC, Joyner MJ, Wallin BG, Charkoudian N: Sex, ageing and resting blood pressure: gaining insights from
the integrated balance of neural and haemodynamic factors. J. Physiol. (Lond.) 590(9), 2069–2079 (2012)
24. Heidl C: Discovering statistics using IBM SPSS statistics: and sex and drugs and Rock‘n’Roll. Pflege 27(6), 430
(2014)
25. Huxley VH: Sex and the cardiovascular system: the intriguing tale of how women and men regulate
cardiovascular function differently. Adv. Physiol. Educ. 31(1), 17–22 (2007)
26. Joyner MJ, Wallin BG, Charkoudian N: Sex differences and blood pressure regulation in humans. Exp. Physiol.
101(3), 349–355 (2016)
27. Lackner HK, Goswami N, Hinghofer-Szalkay H, Papousek I, Scharfetter H, Furian R, Schwaberger G: Effects of
stimuli on cardiovascular reactivity occurring at regular intervals during mental stress. J. Psychophysiol. 24(1),
48–60 (2010)
28. Lackner HK, Goswami N, Papousek I, Roessler A, Grasser EK, Montani JP, Jezova D, Hinghofer-Szalkay H:
Time course of cardiovascular responses induced by mental and orthostatic challenges. Int. J. Psychophysiol.
75(1), 48–53 (2010)
29. Laitinen T, Niskanen L, Geelen G, Lansimies E, Hartikainen J: Age dependency of cardiovascular autonomic
responses to head-up tilt in healthy subjects. J. Appl. Physiol. 96(6), 2333–2340 (2004)
30. Lavi S, Nevo O, Thaler I, Rosenfeld R, Dayan L, Hirshoren N, Gepstein L, Jacob G: Effect of aging on the
cardiovascular regulatory systems in healthy women. Am. J. Physiol. Regul. Integr. Comp. Physiol. 292(2),
R788–R793 (2007)
31. Lee JO, Kang SG, Kim SH, Park SJ, Song SW: The relationship between menopausal symptoms and heart rate
variability in middle aged women. Korean J. Fam. Med. 32(5), 299–305 (2011)
32. Lipsitz LA, Mietus J, Moody GB, Goldberger AL: Spectral characteristics of heart rate variability before and
during postural tilt-relations to aging and risk of syncope. Circulation 81(6), 1803–1810 (1990)
33. Matsukawa T, Sugiyama Y, Watanabe T, Kobayashi F, Mano T: Gender difference in age-related changes in
muscle sympathetic nerve activity in healthy subjects. Am. J. Physiol. Regul. Integr. Comp. Physiol. 275(5),
R1600–R1604 (1998)
34. MayerM (2017): Applications –Applications – Syncope Assessment. Available at: https://online.medunigraz.at/
mug_online/wbAbs.showThesis?pThesisNr=53490&pOrgNr=14010
35. Mellingaeter MR,Wyller VB,Wyller TB, Ranhoff AH: Gender differences in orthostatic tolerance in the elderly.
Aging Clin. Exp. Res. 25(6), 659–665 (2013)
36. Narkiewicz K, Phillips BG, Kato M, Hering D, Bieniaszewski L, Somers VK: Gender-selective interaction
between aging, blood pressure, and sympathetic nerve activity. Hypertension 45(4), 522–525 (2005)
248 Sachse et al.
Physiology International (Acta Physiologica Hungarica) 106, 2019
37. Nevzati E, Shafighi M, Bakhtian KD, Treiber H, Fandino J, Fathi AR: Estrogen induces nitric oxide production
via nitric oxide synthase activation in endothelial cells. Acta Neurochir. Suppl. 120, 141–145 (2015)
38. Olsson Moller U (2014): Falls and Dizziness in Frail Older People. Predictors, Experiences and the Effects of a
Case Management Intervention. Department of Health Sciences, Lund University, Lund, Sweden
39. Pagani M, Montano N, Porta A, Malliani A, Abboud FM, Birkett C, Somers VK: Relationship between spectral
components of cardiovascular variabilities and direct measures of muscle sympathetic nerve activity in humans.
Circulation 95(6), 1441–1448 (1997)
40. Rutan GH, Hermanson B, Bild DE, Kittner SJ, LaBaw F, Tell GS: Orthostatic hypotension in older adults. The
Cardiovascular Health Study. CHS Collaborative Research Group. Hypertension 19, 508–519 (1992)
41. Saleh TM, Connell BJ: Role of oestrogen in the central regulation of autonomic function. Clin. Exp. Pharmacol.
Physiol. 34(9), 827–832 (2007)
42. Shibao C, Grijalva CG, Raj SR, Biaggioni I, Griffin MR: Orthostatic hypotension-related hospitalizations in the
United States. Am. J. Med. 120(11), 975–980 (2007)
43. Souza HCD, Tezini GCSV: Autonomic cardiovascular damage during post-menopause: the role of physical
training. Aging Dis 4(6), 320–328 (2013)
44. Stein PK, Kleiger RE, Rottman JN: Differing effects of age on heart rate variability in men and women. Am. J.
Cardiol. 80(3), 302–305 (1997)
45. Stevens JA, Sogolow ED: Gender differences for non-fatal unintentional fall related injuries among older adults.
Inj. Prev. 11, 115–119 (2005)
46. Trozic I, Platzer D, Fazekas F, Bondarenko AI, Brix B, Rossler A, Goswami N: Postural hemodynamic
parameters in older persons have a seasonal dependency: a pilot study. Z. Gerontol. Geriatr. (2019)
47. Wang Y, Moss J, Thisted R: Predictors of body surface area. J. Clin. Anesth. 4(1), 4–10 (1992)
48. Waters WW, Ziegler MG, Meck JV: Postspaceflight orthostatic hypotension occurs mostly in women and is
predicted by low vascular resistance. J. Appl. Physiol. 92(2), 586–594 (2002)
49. Wenner MM, Haddadin AS, Taylor HS, Stachenfeld NS: Mechanisms contributing to low orthostatic tolerance
in women: the influence of oestradiol. J. Physiol. (Lond.) 591(9), 2345–2355 (2013)
50. World Health Organization (2007): WHO Global Report on Falls Prevention in Older Age. World Health
Organization, Geneva, Switzerland
Orthostatic challenge in healthy older persons 249
Physiology International (Acta Physiologica Hungarica) 106, 2019
